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Chapter 8 • The co-evolution of halos, gas, stars, and metals

Galaxies



8.1 • Semi-analytical models of galaxy evolution§
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Merger trees

Image by Felipe Ardila



Merger trees

Overzier et al. 2013



Semi-analytical models

Slide by Frank van den Bosch



Semi-analytical models

Slide by Frank van den Bosch



Semi-analytical models

Somerville et al. 2008



Semi-analytical models

Somerville et al. 2008



Semi-analytical models

Benson 2012



Regulator models

Lilly et al. 2013



8.2 • Star formation and gas recycling§



Flow of baryons in the MW

Draine



8.4 • Feedback and galactic winds§



NGC 3079 (HST)



NGC 3079 (HST + Chandra)

X-rays



M82 (HST)



Slide inspired by Sylvain Veilleux

Multiphase outflows (M82)
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T ∼ 104 K

X-rays


Hot ionized gas


T ∼ 106−7 K

2.12 m


Warm Molecular H2


μ

T ∼ 103 K



FOGGIE Simulations (Peeples et al., youtube)

https://www.youtube.com/watch?v=RTC3Z1Oug5E&ab_channel=NASA'sAmesResearchCenter


FOGGIE Simulations (Peeples et al., youtube)

https://www.youtube.com/watch?v=vfRdcdhVLk8&embeds_referring_euri=https://foggie.science/&source_ve_path=Mjg2NjY&feature=emb_logo
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https://fire.northwestern.edu/visualizations/


Mass loading factor

Muratov et al. 2015



Video by Evan Schneider (vimeo)

https://vimeo.com/250474252
https://vimeo.com/250474252


Video by Evan Schneider (vimeo)

https://vimeo.com/354040601
https://vimeo.com/354040601


Tumlinson et al. 2017

The circum-galactic medium (CGM)



COS HALOS / HST

The circum-galactic medium (CGM)



The circum-galactic medium (CGM)

Tumlinson et al. 2017



The circum-galactic medium (CGM)

Tumlinson et al. 2017



8.5 • Chemical evolution§



Stellar yields

CFN 8.5.1§



Image by Jennifer Johnson

Origin of the elements



Mass-metallicity relation

Tremonti et al. 2004



Mass-metallicity relation

Kewley & Ellison 2008



Mass-metallicity relation

Berg et al. 2012



Model summary



Model summary

Feldmann 2013



Evolution of gas abundance over cosmic time

Walter et al. 2020



Reading

• CFN 8.4-8.5, 8.7


• MvdBW 10.4, 11.8.1, 15.7.1
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